developments have led to a strategy for constructing a shorter version of the SF-36 Health Survey. First, physical and mental health factors have been found to account for 80% to 85% of the reliable variance in the eight SF-36 scales in both patient and general populations in the United States2,3 and in other countries.4 Second, in crosssectional and longitudinal tests, the SF-36 Physical Component Summary (PCS) has detected hypothesized differences in nearly all tests based on physical criteria (such as the severity of heart failure or the age-related decline in physical health) and the Mental Component Summary (MCS) has detected hypothesized differences 100% of the time in tests using mental criteria (such as the impact of clinical depression and change in severity over time).2, 5 The results observed for the PCS and MCS measures show that it is possible to use psychometric methods to reduce the number of health dimensions assessed without substantial loss of information. More important, summary measures make it possible to construct an even shorter health survey because the number of items in a survey is a function of the number of health dimensions for which separate scores are to be estimated with precision.5,6 Thus, in those applications where two summary scores (physical and mental health) are sufficient, a shorter survey may prove to be valid and practical enough for more widespread use.
This article documents the methods used to select and evaluate a subset of 12 items from the SF-36 Health Survey. Our objectives, which were achieved, were to develop a form that: 1) could be scored to explain at least 90% of the variance in SF-36 physical and mental health summary measures; 2) would reproduce the average scores for the summary measures and eight-scale profile with a high degree of comparability; and 3) could be printed on one to two pages of a self-administered questionnaire or administered by an interviewer in less than 2 minutes, on average. Also, we present here results from 2 studies of reliability and 20 tests of the empirical validity of the 12-item short-form (SF-12) health survey summary measures and 8-scale profile in comparison with SF-36 summary measures and scales.
Methods

Data Sources
Data for these studies came from two sources. The first source was the National Survey of Functional Health Status (NSFHS), a cross-sectional survey used to gather norms for the SF-36 Health Survey. Sampling methods and sample characteristics are well-documented elsewhere.1,7 The NSFHS database was used to select and score 12 items from the SF-36 Health Survey. The NSFHS also was previously used to derive and to develop norm-based scoring for SF-36 PCS and MCS measures in the general population.2,5
The second source was the Medical Outcomes Study (MOS), an observational study of adult patients with chronic conditions.8,9
The MOS data were used to cross-validate population-based scoring algorithms for summary measures and the eight-scale profile based on the SF-12 and to perform empirical tests of validity. Details on the design of the MOS are well-documented elsewhere.8-11 Briefly, the MOS sampled patients with hypertension, congestive heart failure, survivors of a recent myocardial infarction, and Type II diabetes using criteria and sampling methods published elsewhere.1,3,5,11 Those with depressive disorder, the fifth condition studied, were selected on the basis of a patient-completed form and results from a subsequent interview.12
Health Status Measures
Results for two summary measures based on the SF-12 were compared with those derived from the SF-3625 as well as the eightscale profile.12 To simplify our presentation, we adopt the following conventions in label-ing measures. In previous publications, the SF The two SF-12 summary measures were constructed independently to reproduce the SF-36 physical and mental summary measures. Forward-step regression analysis was used to identify a subset of 12 or fewer items from the SF-36 and 2 weighting algorithms for estimating PCS-36 and MCS-36. On the basis of previous experience, we were confident that a 12-item short-form printed on a single questionnaire page could be completed by the great majority of respondents and that a less compressed 2-page version would be satisfactory for virtually all respondents capable of self-administration. Further, from published estimates13 of response times from several general population studies, we expected that the 12 items could be self-administered in 2 minutes or less by most respondents. The latter expectation was confirmed in a small pilot test in which 26 of 32 adults (81.3%) completed the SF-12 in less than 2 minutes. A second objective in choosing items was the representation of the eight SF-36 health concepts (Fig. 1) . Ten items were sufficient to reproduce both the PCS-36 and MCS-36 scores with an R2 above 0.90. Two additional items were selected to represent all eight concepts.
Two scoring strategies were compared: 1) equal-interval scoring of response categories for 10 items and recalibration of response choices for 2 items to better meet scaling assumptions (the standard SF-36 method)1 and (2) unequal interval scoring with item weights for response categories empirically derived in the general US population. In the first method, weights were derived by estimating PCS-36 and MCS-36 scales using items scored according to the standard SF-36 scoring method. In the second method, item response categories were defined as "dummy" variables, which were used to estimate PCS-36 and MCS-36 scales in the general US population. As with the PCS-36 and MCS-36,2,5 norm-based standardized scores were computed for the PCS-12 and MCS-12 scales to have means of 50 and standard deviations of 10 in the general US population.
Reliability
Data from repeated administrations of the SF-36 2 weeks apart were analyzed to estimate the test-retest reliability of PCS-12 and MCS-12 scores. Test-retest reliability coefficients were estimated using productmoment correlations between scores in the only two English language datasets with test-retest administrations of the SF-36. These included a subset of the general US population participating in the NSFHS survey (n = 232)7 and a sample from the UK general population (n = 187).14
Empirical Validation
Tests of validity were designed to address issues involved in the many intended uses of the forms and study conditions that might affect interpretations. For example, the SF-12 measures of physical and mental health should discriminate between groups of patients who differ in physical and mental health according to proven clinical measures. This standard method of construct validation follows the logic of "known groups" validity.15 The performance of PCS-12 and MCS-12 in discriminating between groups was compared with the SF-36 summary measures and eight scales. For these tests, patients from the MOS were categorized into four groups known to differ in physical and/or mental health as defined clinically.
Items1
Scales The criteria used to define these groups are identical to those reported previously for studies of SF-36 scales and summary measures.2,3,5 Briefly, 10 categories of comparisons were performed, involving groups of patients differing in: 1) the seriousness of a physical condition (serious versus minor physical diagnosis); 2) the presence/severity of a mental condition (serious mental condition versus minor medical); 3) the incremental impact of a serious physical condition on a mental condition and the incremental impact of a serious mental condition on a serious physical condition; 4) specific physical diagnoses (four groups); 5) severity of hypertension (two levels), diabetes (four levels), and congestive heart failure (two levels); 6) the presence of 16 comorbid conditions; 7) the frequency of acute symptoms; 8) cross-sectional and longitudinal comparisons of age effects among the most well group of patients (uncomplicated hypertension); 9) longitudinal comparisons among groups of patients classified at 1-year follow-up according to self-reported changes in physical, mental, and general health status; and 10) cross-sectional and longitudinal (2-year) comparisons of patients with clinical depression. We tested the same hypotheses for the SF-12 in relation to the above variables as were previously tested for the SF-36.2,3,5 For example, we expected the PCS-12 would be most valid in distinguishing groups differing in the presence and severity of physical conditions and would perform less well than did the MCS-12 in distinguishing groups differing in the presence and severity of mental conditions. We hypothesized the reverse pattern of results for the MCS-12 relative to the PCS-12. Based on results with the SF-36, we expected the SF-12 to pass these tests of validity and that our hypotheses would be supported. We were particularly interested in using these tests to gauge the validity of the SF-12 relative to the SF-36.
Analytic Plan
The analytic plan was identical to that used in previous studies so that results for the SF-12 could be unambiguously compared with results for the SF-36. The first three analyses of "criterion groups" were performed using analysis of variance methods.1-3 Analyses of criterion variables in categories 4 to 6 used ordinary least squares multiple regression techniques with the same statistical adjustments for differences in age, gender, race, poverty, study site, health care setting, and season of the year used in previous MOS analyses.25 Longitudinal analyses and other cross-sectional analyses for criterion variables in categories 7 to 10 used least squares regression methods but without adjustments for baseline patient characteristics to maintain comparability with previous tests.2,5 All multivariate analyses of scales used multivariate analysis of variance to test whether any SF-36 or SF-12 scales differed across any of the groups being compared. For those tests that yielded a significant multivariate analysis of variance F-ratio, regression models were estimated to test the relative validity (RV) of each scale. Thus, RV was estimated only for those scales that met two statistical criteria: 1) significant overall multivariate analysis of variance F for the set of criterion variables (defining patient groups) in relation to all scales and 2) significant univariate analysis of variance F for the same set of criterion variables and the scale in question.
To Significant improvements in R2 were observed using the second scoring method (which weights response categories to better reflect the unequal intervals between them), in predictions of the two summary measures in the general US population, as documented elsewhere. Briefly, the R2 for , 1-3) . In the first two only slightly lower than the RVs observed tests for physical differences (Table 2) Table 4 For all four comparisons among groups differing in the presence and severity of mental health conditions that yielded significant differences for any of the three best mental health scales (Mental Health, Role Emotional, Social Functioning), conclusions based on MCS-12 always agreed with those based on MCS-36 (refer to the three rightmost tests and GI/GU columns in Table 4 ). The RV coefficients for MCS-12 ranged from 0.93 to 0.98 across the four tests and were below those for MCS-36 in all but one test (GI/GU).
Discussion
The SF-12 Health Survey represents another step in the "downsizing" of measures from the MOS. These 12 questionnaire items and norm-based SF-12 scoring algorithms appear to accomplish three objectives: 1) reproduction of more than 90% of the variance in SF-36 PCS and MCS measures in the general US population and on crossvalidation in the MOS; 2) accurate reproduction of average scores for both SF-36 summary measures, but less accurately for the eight-scale profile; and 3) reduction in length sufficient to print the form on one to two questionnaire pages and sufficient for self-administration in 2 minutes or less.
The challenge in constructing a shortform measure is one of balancing the number of questionnaire items against other important considerations, such as the comprehensiveness of content and the statistical precision of scores. The two scales (Physical Functioning, Role Physical) that best predict physical health and the two scales (Role Emotional, Mental Health) that best predict mental health are the only scales reproduced in the SF-12 using two items each, owing to their proven usefulness and to the lack of precision of estimates of these concepts based on a single item. 21 The remaining four scales (Bodily Pain, General Whereas the original MOS scales were constructed to be highly, internally consistent, items for the SF-36, and even more so items for the SF-12, were selected with heterogeneity in mind. Each selected item has unique reliable variance that is of proven value in prediction. In the case of the SF-12, we have chosen to predict summary measures for two clusters of highly related SF-36 scales. By pooling the reliable variance in physical and mental health across measures, we have been able to maintain satisfactory reliability while reducing the number of items. By summarizing measures shown empirically to produce the same result, the SF-12 and SF-36 summary measures simplify the analysis of health data while minimizing information loss.2,5
Although PCS-12 and MCS-12 always reached the same statistical conclusions about group differences as did PCS-36 and MCS-36, they did so with relative validity coefficients that were typically 10% below those observed for the SF-36. The SF-12 versions define fewer levels and pool less reliable variance and should, therefore, be expected to yield less reliable assignments of individuals to those levels. However, for large group studies (eg, n = 500), the differences in measurement reliability between SF-12 and SF-36 are not as important, because confidence intervals around group averages are determined largely by the sample size. Therefore, this tradeoff between precision and questionnaire length is likely to prove worthwhile for purposes of monitoring general and specific populations based on large sample sizes.
A remarkably high degree of correspondence was achieved in reproducing the SF- Equal-interval (linear) scoring algorithms proved satisfactory for all but two of the items in SF-36 studies to date.4 However, the information value of each item is even more important when there are fewer items, leading us to look for other potential gains. Scoring based on weighted item response categories increased the variance explained in both summary measures by more than 7% and yielded mean scores that more closely approximated those based on the SF-36, which was our second objective. Therefore, to maintain maximum comparability with the interpretation guidelines for SF-36 versions of PCS and MCS, the more complicated unequal interval scoring was adopted for SF-12 in tests of validity reported here. To facilitate easy and accurate estimations of these scores, a computer diskette with scoring algorithms, a test data set, and written documentation are included in the SF-12 Scoring Manual, available at cost from The Health Institute, New England Medical Center. 19 It should be noted that conclusions about the SF-12 were based on analyses of items interspersed within the SF-36. We assume that the same or better results will be obtained when the SF-12 items are administered alone. In support of this assumption, results from tests of scaling assumptions and conclusions about reliability for the SF-36, when it was embedded with other items measuring the same concepts, were replicated when it was administered alone.1 Tests of these assumptions are forthcoming from numerous studies of general and specific populations that fielded the SF-12 without the other SF-36 items.
Results from this study are encouraging about the feasibility of further downsizing short-form surveys for purposes of monitoring the health of both general and specific populations. The PCS-12 and MCS-12 reached the same statistical conclusions about hypothesized group differences as did the PCS-36 and MCS-36, respectively. Thus, the SF-12 represents a plausible alternative to the SF-36 for measuring health status. Questionnaire length was reduced by two thirds with minimal loss in measurement precision. This difference between 12 and 36 questionnaire items is important because it may determine whether health status is measured in some large-scale studies. For example, the new "report cards" that will be based on the Member Health Care Survey required for accreditation by the National Committee for Quality Assurance include the SF-12, whereas the SF-36 was deemed too long and too costly to administer on a large scale. 18 In choosing between forms, it is important to consider that the SF-36 defines more levels of health and better represents the content of health measures than does the SF-12. Consequently, SF-36 summary measures, particularly the eight-scale SF-36 profile, yield more reliable estimates of individual levels of health, giving the SF-36 a decided advantage over the SF-12 in smaller studies. Therefore, the choice of the SF-12 over the SF-36 is most justified in studies with large sample sizes having severe constraints on questionnaire length and in studies focusing on patient-based assessments of physical and mental health.
